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A Problem Driving CompTox Development

Environmental Protection
Agency

~1,000 chemicals — most people are often exposed to
~10,000 chemicals — many people are exposed to at least occasionally
~100,000 chemicals — some people are exposed to at least occasionally

Some of these chemicals / exposures are responsible for
—Cancers
—Birth defects
—Reproductive disorders
—Both human and ecological species

Can we prioritize chemicals for further testing without knowing
everything?

Office of Research and Development
National Center for Computational Toxicology



wEPA ToxCast Projects

United States
Environmental Protection
Agency

« ToxCast/ Tox21 is a large-scale in vitro screening program
—ToxCast: 1,000 chemicals in ~500 assays
—Tox21: 10,000 chemicals in ~50 assays (drugs+EPA+NTP chemicals)

« Reverse toxicokinetics (RTK) approach for estimating maximum “no
bioactivity” dose estimate

« Input for Endocrine Screening Prioritization and other programs
« Models for Prioritization of Targeted Testing

—Test examples have known MOA, activity

—Goal is to qualify in vitro assays for use in prioritizing testing of
untested compounds

- Office of Research and Development 2
National Center for Computational Toxicology
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United States

s v 1 1€ TOXCast Phase | Chemicals (320)

Agency

309 Unique Structures
Replicates for QC

291 Pesticide Actives
9 Industrial Chemicals
8 Metabolites

56/73 Proposed Tier 1
EDSP

122 in IRIS
14 HPV

Y

Misc MOA classes with
3 or fewer representatives

- Office of Research and Development
National Center for Computational Toxicology

Classes with
> 3 chemicals

[ Acetylcholine esterase inhibitors
B conazole fungicides

] Sodium channel modulators

[ pyrethroid ester insecticides

[l organothiophosphate acaricides
O dinitroaniline herbicides

[l pyridine herbicides

[ thiocarbamate herbicides

[l imidazolinone herbicides

[ organophosphate insecticides
[J phenyl organothiophosphate insecticides
[ aliphatic organothiophosphate insecticides
Il amide herbicides

Il aromatic fungicides

[ chloroacetanilide herbicides

Il chlorotriazine herbicides

@ growth inhibitors

[] organophosphate acaricides

[] oxime carbamate insecticides

[] phenylurea herbicides

[ pyrethroid ester acaricides

[ strobilurin fungicides

[ unclassified acaricides

[ unclassified herbicides

Classification based on OPPIN
3



~500 Total Endpoints

wEPA ToxCast Assays

E:l]\zftifgn%ztﬁtzl Protection CeHUIar AssayS
Agency
Biochemical Assays Cell lines
HepG2 human hepatoblastoma
Protein families A549 human lung carcinoma _
HEK 293 human embryonic kidney
GPCR
NR Primary cells
Kinase Human endothelial cells
Phosphatase Human monocytes
Protease Human keratinocytes
Other enzyme Human flbro_blasts _
Human proximal tubule kidney cells
lon channel

Human small airway epithelial cells
Transporter Rat hepatocytes
Mouse embryonic stem cells (Sid Hunter)
Assay formats
Radioligand binding
Enzyme activity
Co-activator recruitment

Biotransformation competent cells
Primary rat hepatocytes
Primary human hepatocytes

Assay formats

Primarily Human / Rat Cytotoxicity
Exception: Zebrafish development (Stephanie Padilla) Reporter gene
Gene expression 4
Office of Research and Development i i
- National Center for Computational Toxicology Biomarker productlon

High-content imaging for cellular phenotype



Fold Induction | Controls
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United States
Environmental Protection
Agency

Attagene ERE_CIS

Data Analysis:

What is a hit?

—8— Pendimethalin AC50 = 20Ut || Max FC 4.5
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mieasates . The ToxCast In Vitro Data Set

Agency
Assays g
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Many hits — median value=50

Fewer in cell-free HTS
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Many hits are at or near top of
tested concentration range
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EPA Reference Toxicity Database

United States
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"’EPA Chemicals show a wide range of activity

Environmental Protection
Agency

Minimal Pathways, 30 uM

[S— I I ] conazole
[T :D 77777 ] triazole
(S e 1 pyrethroid
(S I R 1 organothiophosphate

I:LPS/IL-1 Mediated Inhibition of RXR Function
K:Metabolism of xenobiotics by cytochrome P450
I:Aryl-Hydrocarbon Receptor Signaling

bomommnees | | organophosphorus K:Linoleic acid metabolism
I:FXR/RXR Activation

[ ‘ | } 7777777777777777777777 i amide I:Glucocorticoid Receptor Signaling
I:VDR/RXR Activation

R I:S 77777777777777777777777777 ] anilide I:Hepatic Fibrosis/Hepatic Stellate Cell Activation
K:Cytokine cytokine receptor interaction

L K:Bladder cancer

+| | r __________________________ ! pyridine K:Cell adhesion molecules/CAMs
K:Hematopoietic cell lineage

Eﬂmi triazinylsulfonylurea I:IL 8 Signaling

.. K:Complement and coagulation cascades

l:'j"’* sulfonylurea I:Acute Phase Response Signaling

K:Tryptophan metabolism

K:Neuroactive ligand receptor interaction

e 1 phenoxy

I:Wnt beta catenin Signaling

K:MAPK signaling pathway

L

I:Huntington’s Disease Signaling

0 5 10 15 20 25 30
Hits

Triticonazole
Myclobutanil
Cyproconazole
Fenbuconazole
Cyazofamid
Imazalil
Triflumizole
Prochloraz
Tetraconazole
Flusilazole
|prodione
Triadimefon
Hexaconazole
Propiconazole
Diniconazole
Fenamidone
Difenoconazole
Triadimenal

- Office of Research and Development 8
National Center for Computational Toxicology



YEPA Where is the data?

Environmental Protection
Agency

« ToxCastDB contains the ToxCast and ToxRefDB data
for browsing
—http://actor.epa.qov/actor/faces/ToxMiner/Home.|sp

« ACToR contains a much large amount of data on other

types of toxicity and exposure
e http://actor.epa.gov

- Office of Research and Development 9
National Center for Computational Toxicology


http://actor.epa.gov/actor/faces/ToxMiner/Home.jsp�
http://actor.epa.gov/actor/faces/ToxMiner/Home.jsp�

SEPA ACToR

o Aggregated Computational Toxicology Resource

Environmental Protection
Agency

http://actor.epa.gov/

ACToR API

Chemical ID,
Structure

ACToR Core ToxRefDB ToxCastDB ExpoCastDB
Tabular Data, In Vivo Study ToxCast Data — Exposure Data —
Links to Web Data - OPP NCCT, ORD, NERL, NCCT
Resources Collaborators (In Development)

Internet
Searches


http://actor.epa.gov/�

SEPA Data Definitions

Environmental Protection
Agency

» Substance
—A chemical from one source
—Name(s), CASRN
—Source-specific unique ID
—Assay Data
« Compound
—Chemical structure from one source
—Source-specific unique ID
« Generic Chemical
—CASRN
—Link to many substance (each with same CASRN)

—Link to at most one compound
—Links to all assay data from substances with same CASRN

- Office of Research and Development
National Center for Computational Toxicology



SEPA Data Definitions

Environmental Protection
Agency

« Assay
—A collection of data on one or more substances
—Comes from one data source
—Can have several types of data included
—Looks like an Excel spreadsheet

« Assay Component
—One column of an assay table

« Assay Result
—A data value for one substance and one assay component

- Office of Research and Development
National Center for Computational Toxicology



SEPA Data Definitions

Environmental Protection
Agency

« Assay Phenotype

—Type of disease associated with the assay
« Carcinogenicity, GeneTox, ...

- Assay Category
—Type of data: tabular, links to the web, human exposure
—Allows assays to be grouped together

- Data Collection
—A source of data
—Substances
—Compounds
—Assays

- Office of Research and Development
National Center for Computational Toxicology



s Data Sets
1. Attagene  Perturbation Scores
2. ACEA —Genes
3. BioSeek —Pathways

* Ingenuity
4. Cellumen . KEGG
5. Gentronix . PathwayCommons
6. NCGC * PhysChem Properties
7. Novascreen —EPISuite
8. CellzDirect ~LeadScope
9. Solidus ~QikProp
'  Structure Classifiers
10.ToxRefDB \ :

- Office of Research and Development . 14
National Center for Computational Toxicology Not INn current release
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United States
Environmental Protection
Agency
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Environmental Protection

Browsing ToxCast / Tox21 Data

Agency

http://actor.epa.qov/actor/faces/ToxMiner/Home.|sp

(2}
A
\' United States Environmental Protection Agency

LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA

ToxCastDB

You are here: EPA Home » National Center for Computational Toxicolegy » ToxCastDE »Home

ACToR ToxRefDBE ToxCastDE | | ExpoCastDE | | D55ToxDBE |

Home | Basic Info | Data Collection List | Chemical List | Genes Associated with Assays | Help

Chemical Name Parameters Match by
& Enter Chemical Mame:  exact
" Enter CAS Mumbers: & any
Enter Chemical Name:
Jconazole
Search
Chemical List
Details Structure Name CASRN
HO CH,
Details \ Cyproconazole 94361-06-5
\l’r _‘i‘l
M
Details o Difenoconazole 119446-653-3
(S

‘s,

- Office of Research and Development
National Center for Computational Toxicology

Home page — search by
name or CASRN

16


http://actor.epa.gov/actor/faces/ToxMiner/Home.jsp�

wEPA

United States
Environmental Protection
Agency

ToxCastDB Chemical Page

SEPA
N
\’ United States Environmental Protection Agency

@ ALL EPA O THIS AREA Advanced Search
LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA SEARCH

ToxCastDB [ Contact Us

You are here: EPA Home » National Center for Computational Texicology » ToxCastDE » Chemical

ACToR | ToxRefDB ‘ | ToxCastDB ‘ ‘ ExpuCis\:DB| | DSSToxDB‘

Home | Basic Info | Data Collection List | Chemical List | Genes Associated with Assays | Help

Chemical: Cyproconazole

CASRN 94361-06-5
Smiles CICT =CC=C{CICN2C=NC=N2){C(C)C3CC3)01C=C1
Source Name SID DsSSTOX_40409
HO CH; Source Name CID DSSTOX_12601
ACToR Find in ACToR DB
/F‘l
N%/\N
Cl
Data
Source Assay Assay Name Species Gene
Attagene  ATG_ERa_TRANS Attagene Factorial trans Era Homo sapiens ESR1
Attagene ATG_PXRE_CIS Attagene Factorial cis PXRE Homo sapiens NR1I2
BioSeek BSK_BE3C_IP10_down BrEPI_IL_1b_TNF_a_IFN_g_24_CXCL10_IP_10_down Homo sapiens CXCL10 .
BioSeek BSK_BE3C_TGFb1_down BrEPI_IL_1b_TNF_a_IFN_g_24 TGF_betal_down Homo sapiens TGFB1 ACSO a.n d u n Its
BioSeek BSK_hDFCGF_Proliferation_down HDFn_IL_1b_THF_a_IFN_g_EGF_FGF_PDGFbk_24 Proliferation_72hr_down Homao sapiens
BioSeck BSK_SAg_PBMCCytotoxicity_down HUVEC_PBMC_SEB_TSST_24 PBMC_Cytotoxicity_down Homao sapiens
BioSeek BSK_SM3C_LDLR_down SMC_IL_1b_TMF_a_IFM_g_24_LDOLR_down Homao sapiens LDLR
Assay BioSeck BSK_LPS_PGE2_up HUVEC_PBMC_LPS_24 PGE2_up Homa sapiens PTGER2 400  uMm
BioSesk BSK_LPS_TNFa_up HUVEC_PBMC_LPS_24_TNF_alpha_up Homao sapiens TNF 133 uM
BSK_SAg_CDB9_up HUVEC_PBMC_SEB_TSST_24_CD69_up Homa sapiens CD69 148  uM
Set Cellumen \| CLM_MitoMembPot_1hr Cellumen Mito Mem Potential Homo sapiens M6 uM
Cellumen LM_MitoMembPot_72hr Cellumen Mito Mem Potential Homo sapiens 2000 uM
CellzDirect JCLZD _CYP1A1_24 CellzDirect CYP1A1 Homo sapiens CYP1A1 56 uM

CellzDig CLZD_CYP1A1_48
ellzDirect CLZD_CYP1A2 24

Assay
Link

- Office of Research and Development
National Center for Computational Toxicology

CellzDirect CYP1A1
CellzDirect CYP1A2

Assay
Name

Homo sapiens
Homa sapiens

CYP1A1 656 uM
CYP1A2 492 um

CellzDirect CLZD 48 CellzDirg B1A2 Homao sapiens 778 uMm
CellzDirect D_CYP2B6_6 AzDirect CYP2B6 Homao sapiens CYP2B6 105 uM
CellzDirecty’ CLZD_CYP2B6_24 CellzDirect CYP2B6 Homa sapiens CYP2B6 6.9 um
CellzDirecy CLZD_CYP2B6_48 CellzDirect CYP2B6 Homao sapiens CYP2B6 362 um

Gene
Link to Entrez Gene

17



SEPA ToxCastDB Assay Page

Environmental Protection

Agency
“EPA
\’ United States Environmental Protection Agency
LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULA
ToxCastDB
You are here: EPA Home » MNational Center for Computational Toxicology » ToxCastDE u Assay
ACToR | | ToxRefDE ToxCastDB| ExpDCastDB| |D55TuxDB|
Home | Basic Info | Data Collection List | Chemical List | Genes Associated with Assays | Help
Assay: Attagene Factorial trans Era —
Assay Id: 22
Source Attagene
Source Name AID ATG_ERa_TRANS
Name Attagene Factorial trans Era
Description Facrarial reporter gene assay
Number of Substances 320
Number of Components 1
Species Homo sapiens
Parameters
Parameter Value H H
—
Description of assay
ASSAY CATEGORY Inwitro {Cellular)
ASSAY TARGET ERa
ASSAY TARGET FAMILY Transcription Factor
ASSAY TARGET SOURCE Cell line
ASSAY TARGET SOURCE TYPE ~ HepG2
ASSAY GEME ID 2099
ASSAY GEME NAME ESR1
ASSAY TECHNOLOGY Reporter gene assay
ASSAY MODE DMA sequencer
ASSAY REFERENCE COMPQOUND  "17b-Estradiol. Diethylstilbestrol{DES)"
ASSAY MOTE Multiplexed reporter gene assay: Muclear receptor pathway
—
Data
Name CASRN ATG_ERa_TRAMNS (ul)
HPTE 2971-36-0 0.73
2-Phenylphenal 90-43-7 43.0 g .
Azinphos-methyl 86-50-0 47.0 - ACSOS for a” pOS|t|Ve Chem|CaIS
Azoxystrobin 131860-33-8 17.0
Benfluralin 1861-40-1 36.0
- Office of Research and Developr| Bensulide 741682 20 18
National Center for Computational | Bifenthrin 82657-04-3  37.0
Rianhannl A AN-N&-7 11 -



EPA ToxCastDB Data Collection Page

Environmental Protection
Agency

“EPA
-
\’ United States Environmental Protection Agency

®ALL EPA 9 THIS AREA Advanced Sear]
LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA

ToxCastDB
You are here: EPA Home » National Center for Computational Toxicology » ToxCastDE » Data Collection
| ACTnR| ‘ Tm(Re'DB| ‘ ToxcaerB| ‘ ExpncastDB‘ | DSSTnxDB‘

Home | Basic Info | Data Collection List | Chemical List | Genes Associated with Assays | Help

Data Collection: NCGC

Name: NCGC

Description: NCGC - nuclear receptor assays

Number of Chemicals: 320

Number of Assays: 19

Number of Data Points: 6080

Data Collection Summary

Name Assay Name Description Substances Components Species Gene .
NCGC_AR_Agonist MCGC Reporter Gene Assay AR Agonist GAL4 BLAM Reporter gene assay: AR 320 1 Homo sapiens AR LISt Of aI I assays fro m a
NCGC_AR_Antagonist MNCGC Reporter Gene Assay AR Antagonist GAL4 BLAM Reporter gene assay: AR 320 1 Homo sapiens AR
MCGC_ERalpha_Agonist MNCGC Reporter Gene Assay ERa Agonist GAL4 BLAM Reporter gene assay: ERa 320 1 Homo sapiens ESR1 parti Cu I ar d ata Set
MNCGC_ERalpha_Antagonist NCGC Reporter Gene Assay ERa Antagonist GAL4 BLAM Reporter gene assay” ERa 320 1 Homo sapiens ESR1
NCGC_FXR_Agonist MCGC Reporter Gene Assay FXR Agonist GAL4 BLAM Reporter gene assay: FXR 320 1 Homo sapiens NR1H4
NCGC_GR_Agonist MNCGC Reporter Gene Assay GR Agonist GAL4 BLAM Reporter gene assay: GR 320 1 Homo sapiens NR3C1
MNCGC_HEK293_Viability NCGC_HEK293_Viability MNCGC_HEK293_Viability 320 1 Homo sapiens
NCGC_LXR_Agonist MCGC Reporter Gene Assay LXRb Agonist GAL4 BLAM Reporter gene assay LXRa 320 1 Homo sapiens NR1H2
NCGC_p53 NCGC p53 assay NCGC p53 assay 320 1 Homo sapiens TP53
MNCGC_PPARa_Agonist MNCGC Reporter Gene Assay PPARa Agonist GAL4 BLAM Reporter gene assay: PPARa 320 1 Homo sapiens PPARA
MNCGC_PPARd_Agonist NCGC Reporter Gene Assay PPARd Agonist GAL4 BLAM Reporter gene assay: PPARd 320 1 Homo sapiens PPARD
NCGC_PPARg_Agonist MCGC Reporter Gene Assay PPARg Agonist GAL4 BLAM Repaorter gene assay: PPARg 320 1 Homo sapiens PPARG
MNCGC_PXR_Agonist_human NCGC Reporter Gene Assay PXR Agonist (Human) GAL4 BLAM Reporter gene assay: PXR Human 320 1 Homo sapiens MNR112
MNCGC_PXR_Agonist_rat MNCGC Reporter Gene Assay PXR Agonist (Rat) GAL4 BLAM Reporter gene assay: PXR Rat 320 1 Rattus novegicus Nrii2
MNCGC_RXRa_Agonist NCGC Reporter Gene Assay RXRa Agonist GAL4 BLAM Reporter gene assay: RXRa 320 1 Homo sapiens RXRA
MNCGC_TRbeta_Agonist MCGC Reporter Gene Assay TRb Agonist GAL4 BLAM Reparter gene assay: TRb 320 1 Homo sapiens THRB
MNCGC_TRbeta_Antagonist ~ NCGC Reporter Gene Assay TRb Antagonist GAL4 BLAM Reporter gene assay: TRb 320 1 Homo sapiens THRB
MNCGC_VDR_Agonist MNCGC Reporter Gene Assay VDR Agonist GAL4 BLAM Reporter gene assay: VDR 320 1 Homo sapiens VDR
MNCGC_AhR NCGC Reporter Gene Assay AHR Agonist GAL4 BLAM Reporter gene assay: AHR 320 1 Homo sapiens AHR

- Office of Research and Development 19
National Center for Computational Toxicology



£
"EPA Genes associlated with assays

Environmental Protection
Agency

Lists all assays associated with each gene
NOTE: this page is slow to load

N
N
\’ United States Environmental Protection Agency

®ALLEPA O THIS AREA Advanced Search

LEARN THE ISSUES | SCIENCE & TECHNOLOGY | LAWS & REGULATIONS | ABOUT EPA O
ToxCastDB EdContact Us 45
You are here: EFA Home s Mational Center for Computational Toxicology » ToxCastDB » Genes Associated with Assays
ACToR ToxRefDE ToxCastDBE | | ExpoCastDB | | D55ToxDB |
Home | Basic Info | Data Collection List | Chemical List | Genes Associated with Assays | Help
Busy Sorting Data
Genes With Assays
Name Symbol Species Assays
aryl hydrocarbon receptor AHR Homo sapiens  ATG_Ahr_CIS
NCGC_AhR
jun encogene JUn Homo sapiens ATG_AP_1_CIS
Stresskinase
transcription factor AP-2 alpha {activating enhancer binding protein 2 alpha) TFAPZA Homo sapiens  ATG_AP_2 CIS
androgen receptor AR Homo sapiens ~ ATG_AR_TRANS
MNCGC_AR_Agonist
MNCGC_AR_Antagonist
NVS_NR_hAR
bone morphogenetic protein receptor, type |l (serine/threonine kinase) BMPR2 Homo sapiens  ATG_BRE_CIS
CCAAT/enhancer binding protein (C/EBP), beta CEBPB Homo sapiens ATG_C_EBP_CIS
nuclear receptor subfamily 1. group |. member 3 MNR113 Homo sapiens ATG_CAR_TRANS
ATG_PBREM_CIS
MNWS_MR_hCAR_Antagonist
cAMP responsive element binding protein 3 CREB3 Homo sapiens  ATG_CRE_CIS
nuclear receptor subfamily 1. group H, member 3 MR1H3 Homo sapiens  ATG_DR4_LXR_CIS
ATG_LXRa_TRAMS
tumor necrosis factor receptor superfamily, member 10b TMFRSF10B Homo sapiens  ATG_DR5_CIS
upstream transcription factor 1 USF1 Homo sapiens  ATG_E_Box CIS
EZF transcription factor 1 E2F1 Homo sapiens ATG_E2F_CIS
early growth response 1 EGR1 Homo sapiens ATG_EGR_CIS
estrogen receptor 1 ESR1 Homo sapiens  ATG_ERa_TRANS
ATG_ERE_CIS
MNCGC_ERalpha_Agonist
MCGC_ERalpha_Antagonist

NVS_NR_hER
- National Center for Computationél Toxicology <V
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Notes

Data CollectionNote

CTR/MCE from melfile. Release-Junas 2007

Structure Evalustion Consistent with Medecuiar Formula
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s COMING Soon

« Mouse Embryonic Stem Cell Data (With Sid Hunter,
EPA NHEERL)

« RTK Data — Reverse Toxicokinetics (with R. Thomas,
Hamner)

« ExpoCastDB (With collaborators in EPA NERL)

Office of Research and Development
National Center for Computational Toxicology
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wEPA Outline: ToxCast Data Sets Overview

United States
Environmental Protection
Agency

« Data Sets: Bio-centric View

—Assay overview

—How were the data calculated?
—How did the replicates perform?
—Example results

—What did the assay measure?
—Potential assay artifacts

- Office of Research and Development 24
National Center for Computational Toxicology



wEPA ToxCast Phase | Data Sets

United States
Environmental Protection
Agency

 Biochemical - Cell-Based
—Novascreen —ACEA

—Attagene
—BioSeek
—Cellumen
—CellzDirect
—Gentronix
—NCGC
—Solidus

- Office of Research and Development
National Center for Computational Toxicology
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. Novascreen: 239 Biochemical Assays
“EPA (Abstract 59)

Environmental Protection
Agency

- Protein super-families - Various formats:
—GPCR — Radioligand receptor binding
— Kinase — Fluorescent receptor binding
— Phosphatase — Fluorescent enzyme substrate-
_ Protease Intensity quench
_1on channel — Fluorescent enzyme substrate-

mobility shift
« |nitial screening:
— 25 uM in duplicate
— 10 uM in duplicate (CYPs)
- Normalize data to assay
window

— % of control activity (central
reference — scalar reference)

— Nuclear receptor
— Other enzyme
— CYP P450 inhibition

- Office of Research and Development 26
National Center for Computational Toxicology



o Novascreen: What do the assays
wEPA
reastaes o ITIEASUTE?

Agency

- Mainly direct effects of chemical on target protein
— Enzyme activity
— Ligand binding
- False positives:
— Fluorescent compounds—fluorescing and quenching
— Reactive compounds/covalent modification of target
— Physical effects—colloid aggregation of target
— Operational
- False negatives:
— Solubility
— Inappropriate assay conditions
— Operational
— Target protein not physiological
— Lack of biotransformation

- Office of Research and Development 27
National Center for Computational Toxicology



normalized ©

Normalized ¢

Data Correction Algorithm Examples (Additive)
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a Novascreen Concentration-Response
EPA Testing

United States

Environmental Protection NovaScreen replicas
Agency

100

« Retest actives:

— Median absolute deviation (MAD)
median Ix-xmed|I
two MADs or 30% activity

90

80

70

% same call
(3206 calls across replicas)

— 8 conc/3-fold serial dilutions o0 %
« 50 uM high conc 50 -
. 25 MM hlgh conc fOf CYPS 5 10 20 30 ;OCUTSSF(SOI?; 70 80 90 100

or MAD1 to MAD11 (dashed)

- Normalize to assay window

) .. Movascreen
« Fit % Activity data to 3- or 4-
parameter Hill function
o
— Sometimes had to fix top or bottom ° °
of curve o l® ﬁ%ﬁi
(] o
— Did not extrapolate beyond testing g E ﬁ“"o
range s <+
— Manual or automated removal of “
obvious outliers M Rempamz e
gp1onky 9
Rep 2 anly. 18
Caoncordance 81%
- Office of Research and Development ° T I I Rk ,D I 29
National Center for Computational Toxicology 0 2 4 6 8

Replicate 1



Activitios [%]

<EPA

United States
Environmental Protection
Agency
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Novascreen: Example Curve Fits
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SEPA ACEA: Real Time Cell Growth Kinetics

United States
Environmental Protection
Agency

 Cytotoxicity with potential

mechanistic interpretation L e TZ) z=2,

- Human A549 lung carcinoma cell i T
line ele:rode ., Mo | Z=2.
—ACEA experience with line ‘4:2) e
—Reference compound effects p® I T

« Concentration-response testing O
—8 conc/3-fold serial dilutions | — .
—Duplicate wells et 4y @ e

L

« Real-time measuremens during
exposure (0-72 hr)

« IC50 and LELs calculated

- Office of Research and Development 31
National Center for Computational Toxicology



\9,EPA ACEA: What 1s measured?

Environmental Protection
Agency

« General cytotoxicity in transformed cell line

 False positives
—No obvious
—Operational

 False negatives
—Operational error
—Solubility
—Lack of appropriate toxicity targets
—Lack of biotransformation

- Office of Research and Development
National Center for Computational Toxicology
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S
N7

EPA

United States
Environmental Protection
Agency

ACEA: Data examples

Replicate Analysis:

Example Plots:

Office of Research and Developmer
National Center for Computational To:
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SEPA Attagene Multiplexed Transcription
E:\Ezgnr;?etr?tsal Protection FaCtor Assays

« Modulation of TF activity in human hepatoma HepG2 cells

« Multiplexed reporter gene assay
—cis 52 assays (response element driving reporter)
—trans 29 assays (GAL4-NR_LBD driving reporter) “ligand detection”

« |C50 for cytotoxicity measured first in HepG2

 High concentration either 100 uM or 1/3 calculated 1C50
for cytotoxicity

« Seven concentrations, 3-fold serial dilutions, 24 hr
exposure

» Cells harvested, RNA isolated, processed for reporter
gene quantitation

« LEL provided in data set

- Office of Research and Development 34
National Center for Computational Toxicology



SEPA Attagene Technology Cis: AR

Agency 12.5]
Multiplexed Reporter Gene Assay ]
RE1 RTUA 1D—.
. I X ] _ 1
Library of RTUs RE2  RTUB = ]
I X 1 — i
A @ T
s> 2 =]
8 7 ) ..3
Cell Transfection &5 T ] i
RE1 F\> RTUA ]
X | ]
inti 2.5 .
Transcription RE 2 f? RTUB ) | 1
R [ X 1 E = | .
RNA Isolation ! — : e P Y
- + - ; log C tration [h
Reverse transcription . s : og Concentration [M]
B ooz
PCR amplification : — ! —= :
; [ X 1 [ X 1
Labeling | — — :
£ prl iy [—{—n
[ 1 ¥ [ 1
Processing (Hpa I) | = ' A ]
B i N
*ﬁ%’, g
Separation and detection = Ve
(capillary electrophoresis) - T Z /
q - .
- Office of Research and Development oot e
National Center for Computational Toxicology
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EPA Attagene: What Is Being Measured?

United States

Environmental Protection
Agency
* Cis Assays  trans Assays
— Up/down regulation of endogenous — NR agonist activity
transcription factor activity in — False positives

transformed cell line « General cytotoxic response resulting

— False positives in non-specific transcriptional activity
- General cytotoxic response resulting - Statistical, not biologically, significant
in non-specific transcriptional activity response
« Promiscuity of response elements - Operational
- Statistical, not biologically, significant — False negatives
response  Solubility
« Operational . Cytotoxicity
— False negatives - Operational
« Solubility - Lack of endogenous machinery
 Cytotoxicity « Lack of biotransformatioin
« Operational

Lack of endogenous machinery
Lack of biotransformation

- Office of Research and Development 36
National Center for Computational Toxicology



<EPA

United States

Environmental Protection

Agency

trans: ERa

cis: ERE

- Office of Research ar
National Center for Co

Attagene: corresponding cis and

trans assays
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a Attagene: Data calculation challenges
SEPA J J

Attagene
United States
Environmental Protection
Agency
« No positive reference compound for o 8
each endpoint SEEE: © e
. ) - B € o83
- Responses, especially for cis assays, g L3 FEe o
tended to be montonic so potency value “
difficult to derive ] E:gi gg:ifé‘f
. . . . . . - BR < Only.
- Biological vs statistical significance for o, ComCOrHancE BB e
LEL o 2z 4 & 8
Replicate 1
4| cis: HIF1a 181 cis: myc *1 cis: TGFp
] . 15 —
# ] HH # # /
g g = g -
: 7 = :
) NP o/ * :
“ A "’f - B _--"‘IL
19 = ! — L I P—— - A
ST AT TRk R T ST L T
log Concentration [w] ¢ log Concentration [w] log Concentration [w]
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. BioSeek: BIoMAP® Technology
< EPA Platform (Abstract 24)

Environmental Protection
Agency

Assays Profile Database Informatics

IHDF3CT

HR LR NN TR TR

Human primary cells Biological responses to Specialized informatics tools
Disease-like culture drugs and stored in the are used to mine and analyze
conditions database biological data

Primary Human Cell-Based Assay Platform for Human Pharmacology I

- Office of Research and Development 39
National Center for Computational Toxicology



S EPA BioSeek Assays Tested Against ToxCast_320

System Cell Types Environment Readouts

MCP-1, VCAM-1, ICAM-1, Thrombomodulin, Tissue

3c b Endothelial cells IL-18+TNF-o+IFMN-y Factor, E-selectin, uPAR, IL-8, MIG, HLA-DR, Prolif., Vis.,
p SRB (13)
aH ch Endothelial cells IL-4+histamine VEGFRI, P-selectin, VCF.:NEQE?I:;F'AR, Eotaxin-3, MCP-1,

Feripheral Blood
LPS U@ | Mononuclear Cells + TLR4
Endothelial cells

CD40, VCAM-1,Tissue Factor, MCP-1, E-selectin, IL-1a,
IL-8, M-CSF, TNF-a, PGE2, SRB (11)

Peripheral Blood
SAg "f.a@ Mononuclear Cells + TCR
Endothelial cells

MCP-1, CD38, CD40, CD69, E-selectin, IL-8, MIG,
FEMC Cytotox., SREB, Proliferation (10)

uPAR, IP-10, MIG, HLA-DR, IL-1a, MMP-1, PAI-1, SRB,

BE3C .. Bronchial epithelial cells IL-1B+TNF-a+IFN-y TGF-b1, tPA, UPA (1)
. IL-1p+TNF-o+IFN-y VCAM-1, IP-10, IL-8, MIG, Collagen lll, M-CSF, MMP-1,
HDF3CGEF Fibrobiasts +bFGF+EGF+PDGF-BB PAI-1, Proliferation, TIMP-1, EGFR, SRB (12)
KE3CT Keratinocytes + IL-1p+TNF-c+IFN-y MCP-1, ICAM-1, IP-10, IL-1a, MMP-9, TGF-b1, TIMP-2,
Fibroblasts +TGF-p uPA, SRB (9)
Vascular smooth muscle MCP-1, VCAM-1, Thrombomodulin, Tissue Factor, IL-8,
SM3C 4 IL-1p+TNF-c+IFN-y LDLR, SAA, uPAR, IL-8, MIG, HLA-DR, M-CSF, Prolif.,

colls SRB (14)




SEPA BioSeek Assays

United States
Environmental Protection
Agency

« Chemicals tested at 4 concentrations: 40, 13.3, 4.4, 1.5 uM, single
well

« Exposure started 1 hr before stimulation of cell signaling pathways

 Following 24 hr exposure, endpoints measured by ELISA (also
Alamar blue, SRB staining, and microscopy)

 Data calculated vs 6 DMSO controls as fold-change
« Up and down regulation distinguished

: BioSeek
- LELs determined
& < Jul) © —
HDF3CGF
ol i IS o oo
o ¥ [n] o 0 0O o0
Al
(-1 [n] [ R )
g [n] o 0 0O o0
o T
[
1
o — Rep1and 2 162
Rep 1 onky: 157
Rep 2 onhe 72
Concordance 41%
I HE BRI I BRI ° T T T S D|
H i A PR N A E D E R EEL T £ T b M | EEN i1
...... i § 7Rt e - 3 ,ﬁ § 0 2 4 6

Replicate 1



SEPA BioSeek Assays: What is Being

evronmana oo Vj@@QS U €M ?
« Effects of chemicals on signaling pathways in primary
human cells

 False positives
— Cytotoxicity (down-regulation in particular)
— Statistical vs biological significance
—Operational

 False negatives
— Solubility
—Lack of biotransformation
— Cytotoxicity
—Operational

Office of Research and Development
National Center for Computational Toxicology
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BioSeek MOA Signatures

wEPA Defined by reference cmpd behavior in assays used

United States
Environmental P

Agency L0
0.9 T~ i
@ 9 8 @
o 3C 4H LPS SAg HDF3CGF KF3CT
0.3

0.2 ]
0.1 - 8 i

‘; \ A\ " ."If \ 3 ! ; 1 ] \ - 20,
_2? / \_{ %4 Sy ‘_I' ;‘\_ \/\‘, | l/u ; '/ { VA Ry >V o

s
§—0.2 | > / f
g-03 ". AN \
-04 ' /¥ ’ { .
0.5 ¥, .\
-0.6 ' '
-0.7
-0.8
-0.9
-1.0 . ]
-1} | W hyxathiazal, 1.111 uM Mitochondrial Poison Signature
-L211 4 Pyraclostrobin, 13.333 uM
-1.3
1| W Trifloxystrobin, 13.333 uM
e B S S R RN RN B EE N RS R E S R R N I
gdizudsy § Jinczi A g wz” £ § 5551 3s5gd3% § did* £
o g % ? 8 g [ o g H g § 5 é g a g % & ; g % 84 g
;8 8 oy
HN o o ]
s 0 7
N\ Ni C\
’ \ g £ oH o//C_O\CH
. o ] Strobilurin fungicides: MOA-- Lo %
Myxothiazol (antibiotic) is an inhibitor blocks electron transfer within LR e
of coenzyme Q - cytochrome c reductase (aka respiratory chain N/ ¢
complex Ill). It prevents electron transfer from
Fe-S center to ubiquinone in the electron 0/43
transport chain. o ¢

Pyraclostrobin Trifloxystrobin



o EPA Cellumen: High-Content Screening of
N o S Cellular Phenotypic Toxicity Parameters

Environmental Protection

(Abstract 38)

« Technology: automated fluorescent microscopy

« Objective: Determine effects of chemicals on toxicity biomarkers in a
cell culture of HepG2 and primary rat hepatocytes

Stress Pathway
Activation Panel 1 design*:

* Multiple mechanisms of toxicity
Organelle » Acute, early & chronic exposure
Functions ' y ) P
o 384-well capacity
Oxidative e HepG2
Stress
DNA Damage
j _;7:,‘;‘_ // Cell Cycle
- Office of Research and Development CSK Integrity a4
National Center for Computational Toxicology




SEPA Cellumen: CellCiphr™ Cytotoxicity Panel

United States
Environmental Protection
Agency

 10-point conc-response (200 uM-39 nM) in duplicate
 Three time points (1 hr, 24 hr, 72 hr)
« 11 endpoints per assay

Biomarker Measurement Positive Control |Z'
Stress Pathway Phospho-c-jun Anisomycin 0.63
Oxidative Stress Phospho-Histone H2A.X Camptothecin 0.7
Mitochondrial Function |Mitochondrial membrane potential |[CCCP 0.55
Mitochondrial Mass Mitochondrial mass CCCP 0.35
Cell Loss Cell number Camptothecin 0.56
Cell Cycle DNA content Paclitaxel 0.54
DNA Degradation DNA structure Paclitaxel 0.6
Nuclear Size Area of nuclear region Paclitaxel 0.63
DNA Damage Detection of p53 Camptothecin 0.43
Mitotic Arrest Phospho-Histone-H3 Paclitaxel 0.63
Cytoskeletal Integrity Detection of a-tubulin Paclitaxel 0.3

- Office of Research and Development 45
National Center for Computational Toxicology



<EPA Cellumen: What is Being Measured?

Environmental Protection
Agency

« Cellular toxicity phenotypes in a transformed cell line

 False positives
—Imaging artifacts
—Fluorescent compounds
— Statistical vs biological significance
—Operational

 False negatives
— Solubility
— Cytotoxicity
—Lack of biotransformation
—Operational

Office of Research and Development

National Center for Computational Toxicology 46



wEPA Cellumen: Data Calculation

United States
Environmental Protection
Agency

« Data not normalized to controls (with

a few exceptions) Cellumen

- Fit to 3- or 4-parameter Hill equation

« AC50 reported with these rules: o

— For Cell Loss, AC50 is reported as
calculated © -

— For other endpoints, if AC50 for endpoint is d
<+ S8

(= s 1}

> AC50 for Cell Loss at the corresponding
exposure time, AC50 for endpoint is set to
100 uM (to account for imaging artifacts of
CytOtOXiCity & — Fep1and 2: 36

Fep 1 anly: 29
Rep 2 anly: 20

o |SSU€S Concardance 42%

o — o IO O

Replicate 2

— Lack of positive controls for all endpoint/time ' ' ' !
combinations 0 2 4 6

— Large differences in maximal response Replicate 1

— noisy curves due in part to effects of
cytotoxicity

- Office of Research and Development
National Center for Computational Toxicology



<EPA

United States
Environmental Protectic
Agency
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S EPA CellzDirect: XME Gene Expression in
Mimse - Primary Human Hepatocytes (Abstract 22)

Agency

PAHs, Xenobiotics

- Primary human hepatocytes from s chemicat Sc) = enohite metaotem
tWO dOI’]OI’S used FE:. fsueroiel?:.hxen_obli_oFt,iE;:)s GA@ — Yenobiot csrpzas b
« Cells exposed for 6, 24, and 48 hr;
medium/chemical refreshed daily ™k s s R
L Concentratlons teSted. 40, 4, 0.4, (Ref Fibrgtl::s. ?(e?oFbiotif_cIJs_ acid) QA@ I_’ HMGCSZ .
0.04’ and 0.004 HM Fatty acid metabolism
o 16 Genes measured in (R:‘!ree.:geidcsh:;'i’g:ksggscm I_’ Bile acidﬁifail?is(zsaiz)transport
multiplexed RNAse protection
assay (qN PA) Target Gene Categories
CYP450 (6)
» Genes targeted XME and Transporter (4)
tranSporteI‘S Phase Il Metabolism (3)

Cholesterol Synthesis (1)
Endogenous control (2)

- Office of Research and Development 49
National Center for Computational Toxicology



EPA CellzDirect: What is Being Measured?

United States
Environmental Protection
Agency

« Up/down regulation of mRNA for XME and transporters
In primary human hepatocytes

» False positives:
—General effect of cytotoxicity on transcriptional activity
— Statistical vs biological significance
—Operational

- False negatives:
— Solubility
— Cytotoxicity
—Operational
—Lack of biotransformation
—Inter-individual donor variation

- Office of Research and Development 50
National Center for Computational Toxicology



<EPA

« Normalized to solvent control; expressed

as

United States
Environmental Protection
Agency

fold-change

« Curves fit to Hill equation

— Upper and lower limits defined by minimum

and maximum responses observed over
dataset of a particular gene/donor/time

« LELs determined
« Large variations in maximal responses

- Measuring endogenous promoter activity
reflects complex, multifactorial regulation

Biological vs statistical significance

of gene expression

« 6 hr exposure data not provided due to
high variability associated with limited
time for gene induction

Office of Research and Development
National Center for Computational Toxicology

Replicate 2

CellzDirect: Data Calculation

CellzDirect
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Fold Induction / 48hr Controls

Fold Induction / Control
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CellzDirect: Data Examples
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SEPA Gentronix: GADD45a Reporter Gene Assay
crnmena roecion 101 DNA Damage (Abstract 41)

Agency

MMS, UV, IR
Hyperosmotic Other Genotoxms

- TK6 cell line A

IL-1, TNFa
receptors

expressing GFP w
under control of
GADD45a promoter m Psa +°mrc-\

/ Starvation

» Cells exposed at 200, z.,; T \/ __,“‘f“:
100, 50 uM for 24 and et
48 hr ;__,

Chromatin Hfﬂ:/ | complex

Remodelling J_

- Cytotox assay to L7 TP commnet paion

discount artifacts e on (T NS

G2/M Cell Anti-

Y R ete Ste d a‘t | Owe r DNA Repair Cycle Arrest tumorigenesis
conc if cytotoxic
FOXO3A Motif (-513 1o -505) \

TRE Motif (-1685 to -1677)

- Office of Research and Development GADD4S promoter EGFP Exon 3 Intron 3 Exon 4
National Center for Computational Toxicology



SEPA Gentronix: Data Calculations

United States
Environmental Protection
Agency

e If induction of GFP « GADD45a promoter activity in
fluorescence >50%1 test called transformed cell line
genotoxic - False positives:
- If over 2 or 3 concentrations, — Cytotoxicity resulting in general
strongly genotoxic transcriptional activity
» LELs calculated — Cellular stress other than DNA
damage

« Replicate analysis: no actives

among replicates — Statistical vs biological

validation
— Operational
- False negatives:
— Solubility
— Cytotoxicity
— Lack of biotransformation
— Operational

- Office of Research and Development 54
National Center for Computational Toxicology
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EPA Solidus: Biotransformation Chip and
s o EffECT Of Cytotoxicity (Abstract 30)

Agency

« Alginate-immobilized Phase |

and Phase Il enzymes ata Chip wi
« ToxCast_320 exposed 6 hr l
Incubation . L -
to: MetaGhip with immabilzeq
— Control

—Ph
—Phll
—Phl ancll Phl Washing and incubation l | LR
« 960 uM high conc/4-fold R
serial dilutions/9 T ——
concentrations/5 replicates )
« Cytotoxicity in Hep3B
measured 48 hr later

Office of Research and Development 55
National Center for Computational Toxicology



Live Cell (%

<EPA

United States
Environmental Protection
Agency

 Data normalized to control

values

« Concentration-response data

fit to Hill equation

« LC50 determined for each

assay condition

1254 f -
SRLITRREE
f

Bl No enzyme

4 A P450 mixture
V¥ Phase Il mixture
€ All mixture

N
a1

o

2 3 4 5
Log [Compound 34 (nM)]

[EnY

Live Cell (%

150

Solidus: Example Data

Solicdus
m p—
o 2
@
et
[
2
= 4
#
o — Rep1and 2 16
Rep 1 anh: 2
Rep 2only. 0
Concardance 89%
o — o [=]
T T T T T
D 2 4 B 8
Replicate 1

125+

[EnY
o
L

757

50+

251

B Noenzyme A P450 mixture
V¥ Phase Il mixture 4 All mixture

Y

1 2 3

4 5 6
Log [Compound 38 (nM)]

Live Cell (%9

751

504

Bl No enzyme
A P450 mixture
V¥ Phase || mixture
€ All mixture

251

0

1 2 3 4 5
Log [Compound 54 (nM)]



SEPA Solidus: What is Being Measured?

United States
Environmental Protection
Agency

- Effect of Phase | and Phase Il enzymes on cytotoxicity
activity of chemicals against a transformed cell line

» False positives:
—Possibly not optimized Phase | and/or Phase Il mix
—Operational

 False negatives
— Solubility
—Possibly not optimized Phase | and/or Phase Il mix

—Availability of compound from alginate-immobilized enzyme
matrix

—Operational

- Office of Research and Development 57
National Center for Computational Toxicology



SEPA NCGC Reporter Gene Assays

United States
Environmental Protection
Agency

« Nuclear Receptors
— GAL4 System (ligand detection assay)
— 11 human receptors
—1rat (PXR)
— PB-lactamase reporter gene assays except:
— PXR assays are luciferase reporter gene assays

« p53 Reporter Gene assay
— B-lactamase reporter gene assay

 Parental cell lines mostly HEK293 (also HeLa and DPX-2)

- 12-15 point concentration-response curves (single replicate)

- Office of Research and Development
National Center for Computational Toxicology
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SEPA NCGC: Data Calculations

United States
Environmental Protection
Agency

« Data normalized to reference

compound effect

 Curves fit to 3- or 4-parameter Hill

equation

- Artifacts removed where obvious
fluorescence or cytotoxity detected

« Required at least 25% efficacy of
control compound to calculate

AC50

« AC50 values provided

- Antagonist format assays
challenging due to effects of

cytotoxicity

- LXR assay problematic—
contaminated with GR reporter line?

Office of Research and Development

National Center for Computational Toxicology
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<EPA

NCGC Assays: What is Being
measies o MlEASUTEA?

Agency

« NR assays are ligand-detection assays

- False positives
— Fluorescent compounds
— Statistical vs biological significance
— Gal4_NR-LBD not physiological
— Cytotoxicity (antagonist format)
— Operational

- False negatives
— Fluorescent compounds
— Cytotoxity
— Gal4_NR-LBD not physiological
— Operational
— Lack of biotransformation

Office of Research and Development
National Center for Computational Toxicology
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\‘"EPA _Additional Data Sets To Be
Added Soon:
- NHEERL

—Zebrafish developmental toxicity (Padilla) Poster
—Neurite outgrowth and neuronal proliferation (Mundy and Shafer)
—ES cell differentiation (Hunter)

« Plasma protein binding and hepatocyte clearance
(Thomas)

 PPARa and AhR (NCGC)
 Primary rat hepatocyte HCS Cell Health (Cellumen)

- Office of Research and Development 61
National Center for Computational Toxicology
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